In 2015, the American College of Surgeons Committee on Trauma convened a consensus conference to develop the Needs-Based Assessment of Trauma Systems (NBATS) tool to assist in determining the number of trauma centers required for a region. We tested the performance of NBATS with respect to the optimal number of trauma centers needed by region in California.
T rauma systems aim to best match resources to population need. Challenges in the process of identifying the optimal number, distribution, and configuration of trauma centers have been described in the literature for over a decade. 1 Although the value of adding trauma center resources to areas that lack coverage may seem obvious, research has shown that adding a second trauma center in a stable region can double the cost of personnel and decrease the volume of injuries necessary for training and education. 2 Therefore, careful consideration is warranted when considering whether a new trauma center should be established in a regional system. Toward this end, the American College of Surgeons Committee on Trauma convened a consensus conference in 2015 to develop the Needs-Based Assessment of Trauma Systems (NBATS) tool to provide estimates for the number of trauma centers required for a region. 3 This tool has not yet been evaluated in a practical setting. We sought to evaluate the performance of the NBATS tool in the state of California. We selected California as it can be viewed as a microcosm representative of the United States. California has a varied topography that includes mountain ranges (i.e., Sierra Nevada, Tehachapi Mountains), valleys (agriculture), and desert. It is the third largest state in size (158,706 square miles) and is the most populous (39,144,818 people in 2015), encompassing both large metropolitan areas and sparsely populated rural areas. 4 On the basis of the review of the NBATS tool in combination with our knowledge of the California trauma system, we hypothesized that estimates generated by NBATS would differ from what currently exists in the state. The NBATS tool does not specify the type of data required for determining estimates (i.e., administrative, registry), so we also compared data obtained from administrative sources, the statewide trauma registry, and from local emergency medical service agencies (LEMSAs).
METHODS
number of trauma centers needed for a specific region, termed trauma service area. It consists of six components including (1) population size; (2) median transport times; (3) evidence of lead agency, system stakeholder, or community support; (4) the number of severely injured patients, defined by an injury severity score (ISS) of >15, discharged from acute care facilities not designated as Level I, II, or III trauma centers; (5) the number of Level I, II, and III trauma centers that already exist; and (6) the predicted number of patients with an ISS > 15 versus the actual number seen at Level I and II trauma centers.
California's emergency medical services are administered through the authority of 33 LEMSAs. Some of these represent single counties, and others administer emergency services for more than one county. For the purposes of the current study, we considered the LEMSA to be the trauma service area. We focused the analysis on adult patients and adult trauma centers.
We used data from three different sources for the calendar year of 2014 to generate estimates from the NBATS tool: (1) statewide administrative discharge data from the California Office of Statewide Health Planning and Development (OSHPD) 5 ; (2) statewide trauma registry data from the California Emergency Services Authority Information Systems (CEMSIS); and (3) LEMSA representatives who agreed to participate in a telephone survey. Not all data sources could address all of the questions, so a set of model assumptions were made and sensitivity analyses were performed to account for the missing data (Table 1) . Population estimates for 2014 were obtained from the U.S. Census. 6 For the purpose of this study, state trauma designation was used to identify Level I, III, and III trauma centers.
For patient level data, patients were included in the analysis if they were 18 years or older and had a discharge from an acute care hospital in California in 2014. For OSHPD data, injuries were identified if there was a primary ICD-9-CM diagnosis code consistent with injury.
7 ICD-9 diagnoses indicating injury include codes 800.00 to 959.0, excluding 905 to 909 (late effects of injury), 910 to 924 (blisters, contusions, abrasion, and insect bites), and 930 to 949 (foreign bodies). ISSs were derived using the International Classification of Diseases Programs for Injury Categorization program. 8 Patients with "severe injuries" were defined as having an ISS of >15. Urban and rural classifications were provided by the CEMSIS for each LEMSA. LEMSAs with a population greater than 1,000,000 were defined as urban, those with a population between 2,000,000 and 1,000,000 were defined as suburban, and those with less than 2,000,000 were defined as rural.
LEMSA directors were contacted to request his or her participation in a 30-minute telephone survey. Respondents were then scheduled for a telephone conference, and the survey was conducted by two investigators (K.L.S., T.U.L.). Quantitative and qualitative data were recorded by both separately and verified by both investigators to confirm accurate documentation from the call.
Data manipulation and processing were done with SAS, 9.4 (SAS Institute, Cary, NC) and STATA, 2014 (College Station, TX: Stator LP).
RESULTS
Nineteen (58%) of the LEMSAs initially agreed to participate in our telephone survey, 15 of which followed through on the survey (45%). Three (9%) declined participation, and 11 (33%) did not respond after multiple attempts. Census data for 2014 showed the population of California to be approximately 38 million (Table 2 ). Of the 33 LEMSAs, the majority were urban or suburban (70%), whereas 30% were rural. There were 62 state-designated Level I, II, and III trauma centers throughout the state in 2014, of which 13 (21%) were Level I, 36 (58%) were Level II, and 13 (21%) were Level III.
We first evaluated the ability of each of the three data sources to address the individual NBATS components (Table 3) . Data were available for all three models for population size, number of trauma centers, and number of patients with an ISS > 15 treated at trauma centers. Median transport times for trauma patients and whether or not there was community support for a trauma center were only available from local agencies, whereas the number of patients with an ISS > 15 at non-Level I, III, and III centers were mostly only obtainable from OSHPD data sources. The data source least likely to be able to complete the NBATS tool was the CEMSIS statewide trauma registry, as it lacked data on median transport times, community support, and the number of patients with an ISS > 15 at nontrauma centers. LEMSAs were able to address most questions >87% of the time. The most notable challenge for LEMSAs was for having a knowledge of the number of patients with an ISS > 15 who were seen at nontrauma centers, although 20% did have some information on nontrauma center admissions.
Estimates for the number of Level I and II trauma centers needed for the state were generated by the NBATS tool for each of the three data sources (Table 4) . Overall, estimates generated by NBATS were lower than the current number of trauma centers by 27% to 47%, depending on the data source. Estimates ranged widely in sensitivity analyses, with the CEMSIS model ranging the most, from 33 to 116. The greatest difference between the NBATS estimate and the current state was for the model that used LEMSA data (47% difference).
We also compared the number of trauma centers in 2014 with what LEMSA directors thought was needed for their regions. Almost all LEMSA administrators surveyed thought the current numbers of trauma centers in their regions were sufficient. Only one of the surveyed LEMSAs thought that they could both use and support one additional trauma center.
Although the overall number of trauma centers estimated to be needed by the state by NBATS was low compared to the actual number of trauma centers, estimates varied by LEMSA (Table 5) . For 30% to 33% of LEMSAs, estimates were lower than what currently exists, and in 40% to 49%, estimates were higher. NBATS estimates were the same as the number of existing trauma centers in 21% to 27% of LEMSAs. These differences were largely associated with the LEMSA's urban/ rural status ( Fig. 1) . For rural LEMSAs, 88% of the NBATS estimates were higher than the current state, whereas for urban LEMSAs, 70% of the estimates were lower than the current state.
DISCUSSION
Overall, we found estimates generated by the NBATS tool to correlate with the number of existing trauma centers for only 20% to 30% of regions. NBATS estimates tended to be higher than what currently exists for rural areas and lower for urban areas. Estimates also differed when compared to the opinions of LEMSA administrators. The overall number of trauma centers predicted by the tool was approximately half of what LEMSA administrators thought was required. Although there is no gold standard to which estimates might be compared, it could be argued that local administrator opinion is the most informed. That said, the absence of a true gold standard makes calibration of such an instrument challenging. It may be that future iterations of a tool may benefit from the establishment of measurable predefined goals, such as trauma center access, undertriage rates, or trauma system capacity measures.
Although we were only able to survey approximately half of the LEMSAs, it may be reasonable to assume that these findings can be extrapolated to all LEMSAs. For one, the urban/rural mix was relatively even across survey respondents (24% urban, 45% suburban, and 30% rural). We also found that the patterns described in the results section consistently held true with each LEMSA interview. Although we cannot determine if the observed patterns would be found to be the same for nonparticipating LEMSAs, the consistency of the observations suggest that it is more likely than not that the results are representative of LEMSAs across California.
In exploring why NBATS estimates were different than the current state, we discovered differential performance of the model in urban versus rural settings. One of the model components deducts points for the presence of existing trauma centers. In the case of population-dense regions that already have a greater number of trauma centers, this deduction appears to results in lower estimates for the number of needed centers. Another issue related to population size and density is that California has widely varying populations for its urban areas. The point scoring systems "caps out" at a population size of 2.4 million, limiting regions that have larger populations than this. It may be that urban and rural regions would require different metrics or that geography and population need to be considered together. NBATS performance in rural areas highlights another issue. In some rural LEMSAs, there are only a few seriously injured patients over the course of a year. The NBATS tool has no threshold for the minimum number of injured patients to require a trauma center. When only a few patients may benefit from trauma center care, the question of value is raised. Many rural LEMSAs thought that the costs of supporting a Level I or Level II center were too high relative to the number of patients who would benefit from services. One particular challenge cited by rural LEMSA directors included maintaining surgical call panels, particularly when many rural regions struggle to get basic surgical services. Many directors thought that their population was more efficiently served through other mechanisms. These mechanisms included such things as well-coordinated prehospital emergency medical services efforts and agreements with nearby LEMSAs or states to use their trauma centers. When these mechanisms were not available, LEMSAs focused on enhancing the capabilities at their existing hospitals. Although the tool was designed to address need, not capability, of a region to have a trauma center, the tension between these two factors has a significant impact on those involved in the process of establishing a new trauma center. Addressing these issues as part of the tool may facilitate efforts to establish trauma centers in areas of need.
One of the NBATS survey elements caused estimates to vary in sensitivity analysis-whether there was support for a new trauma center by the community, stakeholders, or the lead agency. This was a question that could not be easily answered by most data sources. When discussing with LEMSA administrators, it was clear that this was a difficult question to answer beyond the perceived needs by the agency. Several LEMSAs commented that one could always get support for a trauma center from some members of the community. It is likely that not all community support is the same, nor it is likely that all stakeholders have the same knowledge of what goes into establishing a trauma center. The "community support" question may benefit from further refinements.
Another issue we sought to address is whether estimates are more dependent on the data source or if the tool produces precise estimates regardless of data source. For example, only administrative data can reliably address the number of severely injured patients at nontrauma centers, whereas only local regions know transport times. It appears that the tool is largely precise regardless of data source as all models produced values that were similar in direction and magnitude. This would suggest that the difference between NBATS estimates and the current state are driven more by the nature of the tool than by the type of data selected for the analysis. Although the data source did not strongly affect results of the tool, consideration should be given to the types of data available to those who hope to apply it.
There are several limitations to this study. The first is that we were not able to answer all questions in the NBATS tool given the data sources available. Presumably we could have created a "blended" model, but we thought this would detract from others who might test the tool but not have the same types of data. Another limitation is that not all LEMSAs participated in the phone survey. It may be that the LEMSAs who did not respond in fact were having issues with trauma center access and may have provided different responses. Although this is possible, we qualitatively heard the same messages from LEMSA respondents, suggesting that pain points and NBATS perceptions were stable throughout the state. Despite these limitations, we think that the application of the tool across the widely different regions in California does provide relatively consistent results, particularly when considering urban and rural regions. 
CONCLUSIONS
The tool performs similarly regardless of whether administrative, trauma registry, or local data are used. NBATS estimates are different than the number of trauma centers currently in existence and differ from what local administrators think is adequate for their areas. Results from the current study suggest that, although the NBATS tool represents an initial step in developing an objective assessment of need for trauma center resources, it requires development and further study to perform adequately across the spectrum of potential regions to be served. 
DISCLOSURE DISCUSSION
Dr. Michael Rotondo (Rochester, New York): Members and guests, I will tell you, it became abundantly clear by the end of my term as chair of the COT in 2014 that some new strategy was necessary to move the country to a different position regarding trauma system development. And let me just go over a couple of historical facts.
In 1992 there was a document called the Model Trauma Care Systems Components Document that was created by Brent Eastman, who was the original Trauma Systems Planning Committee chair of the COT. Up to that point, there really wasn't any one document that described how systems should work.
And that stood really until 2007 when Avery Nathens revised it based on the HRSA Model Systems Planning Document, which was created in 2006 and that moved us from the standpoint of the Committee on Trauma to really a public health model from a critical elements model.
Bob Mackersie was right in the middle of that. We did the transition. He was the chair of the Systems Committee and then I became chair of Systems Committee.
The public health model moves us to really a policydevelopment, assessment, and assurance approach to systems.
For more than two decades, the Trauma Systems Planning and Evaluation Committee really had been reviewing states in an effort to try to have a sense of what was going on out there. But when we tried to aggregate the evaluative data to really determine what the system really looked like, sort of from coast-tocoast, and it really didn't really yield very much. The problem was there were no clear criteria to measure system efficacy. We just didn't know how to measure it.
We heard this in the earlier presentation-30 years ago we were crying for trauma centers. There was no money. Now we can see the proliferation and I won't say much more about that. I think Rob Winchell has covered it. The commoditization, really, of American health care and trauma care, in particular, as led to some really very interesting political situations.
Finally, when we were rewriting the Optimal Resources Guide we approached the National Association of State EMS officials and said, "If we were to write a standard that said that new trauma centers had to be based on need as determined by the lead agency, would you go for that?" And you heard, in a little different way, there was no way they were interested in doing that.
Obviously, as the College of Surgeons it would be very hard for us to write a standard that imposes a standard on a trauma center to control the system. So we went to the state EMS officials and said, "Hey, would you do this?" They wouldn't get near it.
So by the end of my term as chair of the COT there wasn't much left to do except admit defeat and give a clearing and call to new leadership, which is Ronnie Stewart, to take on the challenge and seek some new, creative way to solve the problem, hence, the NBATS conference which then led to what you heard today.
As you can see it's a frustrating problem, very difficult to rope down the confounding variables. So just a couple of questions.
First, the principle variables that you utilized are all structured process indicators. How will you blend outcomes into the model? Do you think TQIP collaboratives or M-TQIP collaboratives will provide some kind of an answer, really, around system efficacy as well?
Second, you compared your findings to a telephone survey of local EMS officials. Is there a better way to benchmark the model? I think you answered it. It's very hard to benchmark this. Forty-two percent of the EMS officials either declined to participate because they didn't respond, and the rest of them simply said everything was okay, so not a lot of help there.
Third, what are the steps in development to calibrate the model and improve the tool in both urban and rural areas? You've got some problems on both sides of that.
And, finally, do you believe that something like NBATS tool can help us move from this loose federation of state trauma systems to a federalized, well-organized, national system? Thanks very much. Really interesting paper. Dr. Eileen M. Bulger (Seattle, Washington): Very nice paper and I want to congratulate you in actually applying the tool and helping us start to figure out how to make it better.
I'm not surprised by your findings that you have too few trauma centers in rural areas and a lot more than we need in urban areas. I believe that true most places in the country.
Are you able to give us some idea of additional data you could look at like transfer patterns and regionalization of care, that would potentially justify a higher number in urban centers that are making up for the deficit in rural centers?
In other words, the concerns about the ability to put another center in rural areas are real. And if we can't do that, we have to bring people into the urban center. Does that justify more patients in the urban setting than tool currently predicts?
So, think about how you could look at improving the tool and give us guidance. I think there may be different criteria for need between rural and urban areas.
Thank you very much. Dr. Nicholas Namias (Miami, Florida): Very nice study of the topic. And the NBATS is based on a draft that was created Florida before it was moved up to the College. And at present it's abandoned in Florida after it was challenged in court as being arbitrary and capricious.
My question for you is what component of the NBATS measures need as defined as the difference between demand and capacity in a validated way?
Thank you. Dr. Michael Lekawa (Orange, California): When I look at the structure of your evaluation, it shows a high number LEMSAs in the denominator, most of which represent a small population. I think, you know, 75% of the population lives in four of those LEMSAs. and asking each LEMSA individually may be a problem.
The State of California is divided up now into five regions. Would it not be more correct to apply this to each of the five regions than to individual LEMSAs?
Dr. Tarsicio Uribe-Leitz (Stanford, California): Thank you all, for the thoughtful questions and comments.
Dr. Rotondo, regarding your first question, this tool has, indeed, been designed to define need, not necessarily outcomes. Regarding the use of TQIP, luckily, it's continuing to gather more and more data every year. As we learn more about TQIP-for instance, volume and outcomes relationships-we can certainly be incorporated into future iterations of the tool.
To address your second question, one of the challenges with designing a tool like this one, is that there is no benchmark. From our perspective, the closest was the LEMSAs director's opinion. We decided this because LEMSA directors are the people who have "boots on the ground," and thus the most representative. However, future iterations may benefit from predefined goals such as under-triage rates and trauma system capacity measures, as we mentioned in the talk.
To address your third question regarding our next steps, they include to summarize these findings and share them with the ACS COT and to retest the future iterations of the tool. Specifically for urban areas, we believe that the penalty for trauma centers should be modified. In the case of rural areas, there needs to be an acknowledgement for a threshold of injured patients required to invest in a trauma center. This goes along with Dr. Bulger's question.
Finally, and to address your last question, the original intent of the NBATS, as has been described, was to facilitate local decision-making on trauma center designation. But, clearly, as the tool matures it can always adapt to future trends in trauma systems development.
Dr. Bulger, we agree that rural and urban areas face entirely different challenges. From what we heard in our interviews for rural areas the answer might not be in adding more trauma centers but rather focusing in strong pre-hospital systems. Additional analyzes of transfer patterns, as you mentioned are certainly needed, but were out of the scope of this paper. We used strictly what was required by the tool, however, there are other considerations that future iterations could include to help strengthen the tool, such as this one.
Dr. Namias, exactly how to determine need, that is the most challenging point. Interestingly, as we heard it from one of the LEMSAs, trauma center designation is based on: 1) political will, 2) economic factors, and, lastly, 3) on need. So if we do not come up with a reliable tool to measure need, we are likely going to rely on the two-the political and the economic factors. To determine need is in our best interest. I don't think one component alone will be able to determine need in a validated way.
Dr. Lekawa, to answer your question about why not use the five regions in California versus the LEMSAs. We made this decision since we had the opportunity to contact LEMSA directors and to get a deeper understanding of the trauma ecosystem in the state. We were able to find recurring themes amongst LEMSAs. This was what was the most solid way to answer these questions, from our perspective. Definitely other alternatives are possible such as, the five regions in California you mentioned. LEMSA administrator opinions were very informative and they were all very invested, knew what was going on and cared about the trauma system so we really believe their opinions were very important and valuable to this study.
Thank you.
